Background: The cause of the "treatment-risk paradox" reported for patients with coronary disease is unknown; however, determining the factors that contribute to this paradox is essential to properly design quality improvement interventions.
I
T IS WELL DOCUMENTED THAT proved, efficacious therapies are often suboptimally applied in clinical practice. 1 For example, almost half of eligible patients with coronary artery disease (CAD) do not receive statins, and older individuals, women, and patients with substantial comorbidities are less likely to be prescribed evidencebased therapies for their cardiovascular diseases than younger and/or healthier individuals. [1] [2] [3] [4] [5] [6] [7] [8] [9] It has recently been suggested that there is a "treatment-risk paradox" in cardiovascular pharmacotherapy, such that clinicians preferentially initiate treatment in low-risk individuals and are less likely to prescribe new therapies in those patients at highest risk for poor outcomes from the underlying condition. [8] [9] [10] [11] [12] [13] The treatment-risk paradox has been cited by some as an indicator of poorquality care by practicing clinicians [8] [9] [10] [11] [12] [13] [14] [15] ; in the words of one editorialist, "it is the premise of matching risk to level of care that physicians fail to accept, heed, or understand." 14(p382) However, as clinicians, we recognize that prescribing decisions and patient adherence are influenced by far more factors than those that are coded in databases constructed and maintained for billing claims. Thus, before attributing the treatment-risk paradox to a systematic prescribing bias by clinicians, we believe it is important to explore other potential explanations in order to properly inform the design of interventions to address the treatment-risk paradox.
To explore the potential causes of the treatment-risk paradox, we designed a prospective study to collect a variety of clinical and functional variables in a population-based cohort of individuals with CAD. In particular, we were interested in the potential role depressive symptoms, func-tional capacity, or both may play in generating the treatment-risk paradox for 3 reasons. First, both conditions are common in patients with CAD and influence prognosis. 16, 17 Second, they are not coded in administrative databases. Third, both conditions could conceivably influence a clinician's willingness to prescribe another medication (especially preventive medications that do not relieve symptoms) to an already overburdened patient and a patient's adherence to such a prescription.
METHODS

STUDY COHORT
We prospectively enrolled all adult patients diagnosed as having CAD (defined as Ͼ50% stenosis in at least 1 vessel) by angiography in any of the 3 cardiac catheterization centers in Alberta between February 1, 2004, and November 30, 2005 . We excluded patients who died or underwent coronary artery bypass surgery during their index hospitalization. We conducted our study within the framework of the Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease (APPROACH), a population-based registry capturing all cardiac catheterizations performed in Alberta (a province of approximately 3.1 million individuals). 18 The APPROACH study and this substudy were approved by the University of Alberta Health Research Ethics Board.
DATA SOURCES AND VARIABLES
Information on sociodemographic factors (sex, age, and postal code as a proxy for income), indication for the cardiac catheterization, CAD-specific variables, comorbid conditions, and coronary anatomical features (using Heartview software; Duke Medical Center, Durham, NC) were collected through APPROACH (a project in which cardiologists assign diagnoses; these are double checked and entered into the database by specially trained cardiac nurses). A full description of these data sets (including the variables collected and definitions used) has been published previously. [18] [19] [20] [21] All patients were asked to complete a package of mailed questionnaires 1 month after their index cardiac catheterization, which included those medications they were taking at the time of the survey, the Seattle Angina Questionnaire (a 19-item healthrelated quality-of-life instrument specific for CAD), 22 the EuroQol 5D (a 5-item generic health-related quality-of-life instrument), 23 and the 10-item Center for Epidemiological Studies Depression Scale (CES-D). 24 Each of these scales has been validated in patients with CAD and has been responsive and reliable in this patient population. [25] [26] [27] [28] For this study, the exertional capacity scale of the Seattle Angina Questionnaire was used as a measure of functional status.
STRATIFYING STUDY SUBJECTS BY BASELINE RISK
Based on previous studies, 21, 29 we a priori defined patients as being at "low risk," "medium risk," or "high risk" based on their coronary anatomical features (using the Duke Coronary Index, which classifies patients based on the number, severity, and location of their stenosed coronary arteries and has been validated as a prognostic marker in patients with CAD). [19] [20] [21] In an examination of all 69 816 APPROACH subjects enrolled between January 1, 1995, and December 31, 2004, 1-year mortality was 3% in those with low-risk Duke Coronary Index scores, 7% in those with medium-risk scores, and 11% in those with high-risk scores, and the mortality prediction model for these 69 816 subjects incorporating the Duke Coronary Index had a C statistic of 0.82 (Colleen Norris, PhD, written communication, April 19, 2006) .
STATISTICAL ANALYSES
Baseline characteristics of the study patients and their medications were compared across risk strata by analysis of variance. We compared clinical characteristics in those patients taking and not taking statins using 2 tests for dichotomous variables and t tests for continuous variables.
We calculated the crude odds ratio (OR) for taking a statin in patients with high-risk Duke Coronary Index scores vs other patients and then explored factors that might modify the observed association between baseline risk and statin use rates by sequentially adjusting for progressively more clinical detail in a series of "partially adjusted" models ( Figure) . For example, in one model, we examined the OR for statin use in highrisk patients using multiple logistic regression, incorporating as covariates sociodemographic factors plus nonstatin prescriptions and clinical comorbidities (identified with the backward stepwise selection technique selecting all clinically important variables and other prespecified factors, with PϽ.25 on bivariate analyses and a prevalence of at least 1%, and accepting statistical significance at PϽ.05) ( Table 1 provides a full list of covariates). To illustrate the impact of incorporating the influence of a patient's mental outlook and functional status on treatment decisions, we incorporated scores from the CES-D questionnaire and the exertional capacity scale of the Seattle Angina Questionnaire into 2 separate logistic regression models that included all of the covariates in the partially adjusted model previously described plus either the CES-D questionnaire or the exertional capacity scale of the Seattle Angina Questionnaire. Finally, in our fully adjusted model, we included all covariates in 
Figure.
Odds ratio for statin prescription in patients with a high-risk Duke Coronary Index. The bars indicate the 95% confidence interval.
include the EuroQol 5D scores in our multivariate models because they demonstrated substantial colinearity with the CES-D score and the exertional capacity scale score of the Seattle Angina Questionnaire). For all models, the OR for statin use in high-risk patients compared with other patients was the variable of interest and we tested for first-order interactions. Because the OR may exaggerate a risk association when the outcome of interest is common, we also calculated corrected risk ratios (RRs) using the method of Zhang and Yu. 30 In sensitivity analyses to examine the robustness of our findings, we explored the following: (1) the use gradient for statins in only those patients who would have fulfilled the eligibility criteria for the published statin trials, and adjusted for the covariates previously described; (2) the use gradient across baseline risk for angiotensin-converting enzyme (ACE) inhibitors and for aspirin (non-symptom-relieving medications); and (3) the use gradient for symptom-relieving medications (long-acting nitrates, calcium channel blockers, and ␤-blockers).
RESULTS
Of 5015 consecutive patients approached for this study, 716 either declined participation or did not return the questionnaires, 416 were excluded because of death or urgent coronary artery bypass surgery during the index hospitalization, and 12 were excluded because they did not have coronary disease on angiography. Thus, our study sample consisted of 3871 patients who had CAD proved on angiography, were discharged alive, and completed all 3 questionnaires assessing functional capacity, quality of life, and depressive symptoms. Compared with study participants, nonparticipants were older (mean age, 70 years), less likely to be male (68.3%), and more likely to have hypertension (73.6%), peripheral vascular disease (8.9%), cerebrovascular disease (11.3%), malignancy (5.7%), or heart failure (11.0%) (PϽ.001 for all).
The characteristics of our cohort ( Table 2) closely mirror those for the full APPROACH cohort. 21 Statins were being taken by 2436 (62.9%) of the 3871 patients 1 month after their cardiac catheterization, and high-risk patients were less likely to be taking statins than lowerrisk patients (55.8% vs 63.5%; crude OR, 0.72 [95% confidence interval {CI}, 0.57-0.92]; RR, 0.88 [95% CI, 0.79-0.97]) ( Table 3) . Fasting lipid profiles did not differ significantly across risk strata (or indeed between statin users and nonusers) ( Tables 1 and 2 ). Compared with those not taking statins, patients taking statins were younger and more likely to be male, had fewer comorbidities, were less likely to report depressive symptoms or functional limitations, and reported better healthrelated quality of life ( Table 1 . *Data are given as number (percentage) of each group unless otherwise indicated. Percentages may not total 100 because of rounding. †Defined based on coronary anatomical features, using the Duke Coronary Index. ‡Data are given as mean ± SD. §These quality-of-life scores were missing data: EuroQol 5D (a 5-item generic health-related quality-of-life instrument), 5.2%; Seattle Angina Questionnaire (exertional capacity scale), 11.1%; and Center for Epidemiological Studies Depression Scale, 1.8%. Table 3) , and although this treatment-risk paradox was still present after adjusting for sociodemo- (Table 3) .
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COMMENT
In our prospective cohort study of 3871 patients with CAD, we found a negative correlation between baseline risk and use of statins, ACE inhibitors, and aspirin, which was similar in magnitude to previous reports [8] [9] [10] [11] [12] [13] of treatment-risk paradoxes in the literature. However, we have expanded on these earlier reports by demonstrating that the treatment-risk paradox was also present in that subset of patients in our cohort who would have been eligible for the relevant statin trials (thus refuting claims that any differential underuse of these medications in highrisk patients is attributable to the paucity of trial evidence in such patients, who are usually deemed high risk because of comorbidities that would have precluded their participation in the trials).
Similar to earlier reports, we found that the treatmentrisk paradox was not appreciably altered by adjusting for sociodemographics, in either the entire cohort or the trialeligible subset. However, in our study, we collected more than 200 variables on each patient and, thus, were able to explore the impact of far more clinical detail than is possible in administrative databases. In doing so, we found that the treatment-risk paradox for statins (and for ACE inhibitors and aspirin) in CAD was attributable to confounding from clinical and functional variables that the clinician faces during the patient-physician encounter, but that are not captured in administrative databases; in particular, the functional status and depressive symptom burden of patients seemed to be key drivers of the treatment-risk paradox for preventive therapies. This raises 2 possible explanations for the treatment-risk paradox: either clinicians preferentially avoid treating patients with depression or poor functional status or patients who are depressed, have poor functional status, or both are less likely to fill and/or adhere to prescribed therapies. The fact that we did not find a treatment-risk paradox for symptom-relieving antianginal medications (longacting nitrates, ␤-blockers, or calcium channel blockers) argues for the latter explanation.
Because cardiovascular preventive therapies proved efficacious in trials also confer benefits in subgroups excluded from the trials, 6, 7, 32, 33 the underuse of statins, ACE inhibitors, and aspirin in patients with poor functional capacity or depression is an important care gap that needs to be recognized and addressed. As has been pointed out by others, the numbers needed to treat for preventive therapies are smaller when they are used by patients at higher baseline risk, and even modest increases in prescribing rates for preventive therapies in high-risk patients would confer substantial reductions in morbidity and mortality from CAD. 8 Thus, educational interventions to address the treatment-risk paradox need to emphasize to physicians and patients that the benefits of preventive CAD therapies are applicable even to patients with poor functional capacity or depression. Indeed, our results would suggest that patients with CAD who have depression or poor functional capacity should be targeted for more education at discharge and closer follow-up to ensure they are taking optimal secondary preventive therapy.
Although our study reports on a large, wellcategorized, consecutively enrolled, and populationbased cohort of patients with CAD, there are some limitations. First, we used patient self-report 1 month after their cardiac catheterization to define medication use; however, an earlier study 34 in Alberta documented a high degree of agreement between patient self-report for statin and/or ACE inhibitor use and prescribing data from dispensing pharmacies (, 0.78-0.93). Regardless, we are unable to say definitively whether the underuse of these secondary preventive therapies in our high-risk patients occurred because (1) their physicians did not prescribe the drugs or (2) the patients did not fill the prescription or adhere to the medication after filling the prescription. Second, some may argue that our study was unable to find a systematic bias underlying the treatmentrisk paradox because the patients in our study exhibited a narrower spectrum of risk than previous studies of this phenomenon (our high-risk patients were only 3-4 times more likely to die than our low-risk patients, while the high-risk patients in the study by Ko et al 11 were nearly 10 times more likely to die than their low-risk peers); however, the unadjusted OR for statin use in our study (0.72) was nearly identical to the 0.75 reported by Ko and colleagues. Third, while some may question our use of the Duke Coronary Index to stratify patients into risk categories, we think this is, in fact, a strength of our study. While previous examinations of the treatment-risk paradox have relied on multivariate prediction models to stratify patients into high, medium, or low risk, multivariate models are rarely used by clinicians in their dayto-day practice. Indeed, clinicians tend to make treatment decisions based on single pieces of information, and coronary anatomical features are a key driver of CAD therapeutic decisions made by cardiologists; in this context, all of our cohort patients were seen and treated by the cardiologists who performed their angiography, and we examined medication use 1 month after the angiograms were obtained. Thus, using the Duke Coronary Index to classify our cohort patients by baseline risk in fact mimics practice to a greater degree than using multivariate risk prediction models.
In conclusion, we demonstrated a treatment-risk paradox for statins, ACE inhibitors, and aspirin in patients with CAD, similar to previous reports, but extended this earlier work by showing that (1) these treatment-risk paradoxes are seen even in the subset of patients with CAD who meet trial eligibility criteria and (2) such paradoxes do not exist for antianginal medications (refuting claims that physicians are less willing to prescribe any medications in high-risk patients). Our multivariate analyses suggest that these treatment-risk paradoxes for preventive therapies are attributable to baseline imbalances in functional status and depressive symptoms across risk strata, which administrative databases cannot capture. Thus, our study has shed light on the cause of the treatment-risk paradox. The main message arising from our study is that future efforts (in the reporting of randomized trials and the educating of physicians and their patients) should be directed toward confirming and clarifying that the benefits of non-symptom-relieving (but prognosis-modifying) evidence-based therapies in cardiology do extend even to those patients with poor functional capacity, depression, or both. Good medical practice should result in a direct correlation between risk and treatment such that those patients most likely to benefit from therapy are also most likely to receive that therapy (ie, be prescribed it, and be adherent to it), irrespective of functional status. December 8, 2006. 
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